Abstract. The effect of windspeed on water emissivity, whilst being negligible around normal incidence, becomes significant above angles of about 50 ø. We calculate the effect of windspeed on retrieved sea surface temperature and show that errors become significant for the potentially very accurate Along Track Scanning Radiometer (ATSR, carried on board ESA's f'trst remote sensing satellite, ERS-1) since brightness temperatures measured at •56 ø, as well as those measured at nadir, are used to provide improved atmospheric correction. We show that when an SST retrieval algorithm generated assuming zero windspeed is applied to brightness temperatures calculated for windspeeds of 5, 10 and 15 m/s, a potential error of up to 0.4 K is introduced. Since coincident windspeed data can be obtained from the ERS-1 radar altimeter, accurate correction can be made for this effect and we provide a preliminary algorithm for the correction of ATSR SST data.
Thus ATSR represents an opportunity to eliminate 2 of the major errors in SST retrieval from space, namely calibration and atmospheric correction (including aerosols), and the accuracy goal for spatially averaged (1/2øxl/2øin latitude & longitude) skin temperatures under conditions of up to 80% cloud cover is <0.25 K r.m.s. [Delderfield et al., 1986] . The major uncertainty that remains for retrieval of bulk SST is the skin effect, which is, as stated earlier, a few tenths of a degree in magnitude, and significant effort is currently being expended on producing algorithms to correct for this. However, the effect of wind speed on surface emissivity has not been taken into account; this has an effect which is of a similar order to the skin effect and has the same sign, ie. increased windspeed will lower the observed brightness temperature.
The effect of windspeed on retrieved SST
The effect of surface roughness (chiefly determined by windspeed) on the emissivity of water has been comprehensively investigated by Masuda et al. 1The downward emission from the atmosphere will also increase with viewing angle and will therefore tend to enhance the emissivity of larger incidence angle facets and reduce the emissivity of facets at smaller incidence angles. To illustrate this, and to assess the geographical distribution of the potential SST errors, we have produced the 3-day average windspeed over the ocean for an arbitrarily chosen period, using windspeed estimates contained in the ERS-1 radar altimeter fast delivery product. The interpolation was performed with a land mask and the data were filtered to remove contamination from sea ice; the result of this process is shown in Fig. 3 . Firstly, the range of windspeeds observed in the plot spans that chosen for the simulation studies. In addition, the wind patterns that are due to major elements of the global atmospheric circulation are clearly evident. In particular, high windspeed areas are usually ATSR $ST retrievals. 
Conclusions
The effect of windspeed on emissivity has been known for some time, but no correction for it has been incorporated into SST retrieval algorithms. The reasons for this appear to be i) the effect is known to be fairly small, and, in the case of AVHRR, the effect is not the dominant source of error, ii) the effect is very small below 50 ø incidence angle, iii) coincident windspeed data are not always available, and obtaining them where they do exist would complicate the processing. In the case of ATSR, the effect is always potentially significant, a) because of the instrument's excellence in dealing with other sources of error, and b) because data from the forward view at 56 ø incidence are used to obtain the best atmospheric correction. We have produced simple algorithms which, together with appropriate (e.g. ERS-1 radar altimeter) windspeed data, can be utilised by end-users of ATSR SST 1/2ø spatially averaged (and other) products. It should be pointed out that the dual-view is not always used for SST retrieval, particularly in the presence of heavy cloud, and correction for windspeed is not necessary for SSTs derived from nadir-only brightness temperatures; information on the use of nadir-only derivation is provided in the ATSR SST products. The effect is of a similar order to that of the much researched skin effect, and presents a similar dependence on windspeed, although is opposite in sign for ATSR dual-view. In addition, the patterns of ocean windspeed are related to fundamental parts of the atmospheric circulation, thus emissivity-related errors in windspeed retrieval will be geographically biased and change with the seasons. Interest is now being shown in comparing ATSR retrievals with global bulk temperatures to obtain the skin -bulk temperature difference and thereby estimating the net heat exchange at the surface; such measurements will be crucially dependent on skin temperatures with no windspeed bias. The effect will also be important for the study of phenomena such as the ENSO which are tnanifested by differences in windspeed as well as SST, as well as for early climate change detection. Since coincident windspeed data are readily available from instruments that are carried on board ERS-1 along with ATSR, it is now possible to correct for this effect before attempting the more difficult task of estimating the magnitude of the skin -bulk temperature difference.
